Abstract Early life exposures, such as being breastfed in infancy, may influence the risk of breast cancer in adulthood. We evaluated the risk of breast cancer in relation to ever having been breastfed in infancy among 9,442 women who participated in a population-based, case-control study. Cases were identified through cancer registries in three states (Massachusetts, New Hampshire, and Wisconsin); controls were identified through statewide drivers' license lists or medicare lists. Data on known and suspected risk factors were obtained through telephone interview. We used unconditional logistic regression to assess the relation of breast cancer with ever having been breastfed and with breastfeeding duration (available for only 19% of breastfed women) in premenopausal women (1,986 cases and 1,760 controls) and postmenopausal women (2,600 cases and 2,493 controls). We found no evidence that ever having been breastfed in infancy was associated with breast cancer risk in either premenopausal women (odds ratio [OR] = 0.96; 95% confidence interval [CI] = 0.83-1.10) or postmenopausal women (OR = 0.98; 95% CI = 0.87-1.10). The association did not differ according to breast cancer stage, mother's history of breast cancer, or any other reproductive factor assessed. Likewise, we found no association between breastfeeding duration and risk of breast cancer. Our results did not support the hypothesis that exposure to breast milk in infancy influences the risk of adult breast cancer.
mechanisms including transmission of a mammary tumor virus through lactation [1] [2] [3] [4] [5] [6] [7] [8] , ingestion of excreted organochlorines [9, 10] , or consumption of growth factors [11] . Some [12] [13] [14] [15] but not all [8, [16] [17] [18] case-control studies suggest a protective effect of being breastfed on breast cancer risk, although the results were statistically significant in only two studies [12, 13] . Two recent prospective studies show no overall association [19, 20] ; however, a recent meta-analysis suggests that being breastfed in infancy is associated with a significantly reduced risk of premenopausal breast cancer [20] . In our population-based case-control study, we evaluated the relation of breast cancer risk with ever having been breastfed and with breastfeeding duration in infancy among women aged 20-74 years. To our knowledge, the analysis includes the largest number of premenopausal women to date among studies on this topic.
Materials and methods
All female residents of Massachusetts (excluding metropolitan Boston), New Hampshire, and Wisconsin with a new diagnosis of invasive breast cancer (ICD-O version 2 C50.0-C50.9) or breast cancer in situ (ICD-O version 2 C50.0-C50.9) reported to cancer registry of each state were eligible for this study. We applied separate age restrictions to invasive (20-69 years) and in situ (20-74 years) cases. According to a protocol approved by the institutional review board of the participating centers, the physician on record for each eligible case subject was contacted by mail to obtain permission to interview the patient. Interviews were conducted from February 1997 to May 2001. Eligibility was limited to case subjects with listed telephone numbers, driver's licenses verified by self-report (if \65 years of age), and known dates of diagnosis.
Selection of cases
A total of 8,066 invasive cases and 2,269 in situ cases were eligible for the study. Of the invasive cases, physicians refused contact with 147 (1.8%), 302 (3.7%) were deceased, 215 (2.7%) could not be located, and 973 (12.1%) refused to participate. Of the 6,429 (80%) invasive cases that were interviewed, eight cases were considered unreliable by the interviewers, leaving 6,421 invasive cases available for analysis. Of the in situ cases, physicians refused contact with 58 (2.6%), 17 (0.7%) were deceased, 63 (2.8%) could not be located, and 244 (10.8%) refused to participate. Of the 1,887 (83%) in situ cases that were interviewed, nine cases were considered unreliable by the interviewers, leaving 1,878 in situ cases available for analysis. Of the interviewed invasive and in situ cases (n = 8,299), more than 98% were confirmed by histology, cytology, or other means according to the registry reports.
Selection of controls
Controls were randomly selected in each state from the community using two sampling frames: those under 65 years of age were selected from a list of licensed drivers, and those from 65 to 74 years of age were selected from a roster of medicare beneficiaries compiled by the Centers for Medicare & Medicaid Services, formerly the Health Care Financing Administration. Controls were selected at random within 5-year age strata to yield an age distribution similar to the cases enrolled in each state. Controls were required to have no personal history of breast cancer, a listed telephone number, and, if \65 years of age, a self-reported driver's license. Of the 10,690 potential controls, 86 (0.8%) were deceased, 475 (4.4%) could not be located, and 2,074 (19.4%) refused to participate. Of the 8,055 (75%) controls who were interviewed, 14 were considered unreliable by the interviewers, leaving 8,041 controls available for analysis.
Data collection
Case subjects and controls were sent letters briefly describing the study before they were contacted by telephone by trained interviewers. The 40-min structured telephone interview elicited data on demographic, lifestyle and behavioral factors, height and weight, reproductive and medical history, and hormone use. Menopause was defined as the absence of periods for C6 months before the reference date. Women who reported taking hormones and still having periods, and women who reported hysterectomy alone were classified as premenopausal if their reference ages were in the lowest decile of age at natural menopause among controls, as postmenopausal if their reference ages were in the highest decile, or as unknown menopausal status if their reference ages were between the lowest and highest deciles. Beginning in the second year of the study, women were asked: ''Were you breastfed as a baby?'' (response categories: yes, no, don't know). To gather additional information on breastfeeding, approximately midway through the study enrollment period, we also asked women who reported being breastfed in infancy to report the duration of breastfeeding (months). For 91% of invasive cases, 95% of in situ cases, and 94% of controls, the interviewers reported being unaware of the woman's casecontrol status until the end of the interview. The reference date was the registry-supplied date of diagnosis for cases. For comparability, controls were assigned a reference date *1 year before the interview.
Reliability substudy
To assess the reliability of responses to the questionnaire, a sequential sample of cases and controls from Wisconsin and New Hampshire was re-interviewed. Approximately 88% of cases and 85% of controls agreed to be contacted for a second interview. After an average of 3 months (range: 1-5 months), 98% of cases (n = 135) and 95% of controls (n = 159) were successfully recontacted and reinterviewed. Cohen's kappas for the agreement in reports of breastfeeding status (n = 201) were 0.88 for controls and 0.96 for cases, and were 0.96, 0.86, and 0.91 for women aged \48, 48-54, and C55 at interview, respectively, suggesting adequate recall of breastfeeding status. We did not collect reliability data on breastfeeding duration.
Exclusions
Of the 8,299 cases and 8,041 controls interviewed, we excluded 2,173 cases and 2,374 controls who were not asked about breastfeeding, 1,199 cases and 1,104 controls who did not know their breastfeeding status, and 16 cases and 32 controls with missing data on age, parity, or age at first birth, leaving 4,911 cases (3,779 invasive and 1,132 in situ) and 4,531 controls (4,433 invasive and 4,531 in situ) for analysis. No material differences were found between women who were and were not asked about their breastfeeding status. Among women who received a version of the questionnaire that asked about breastfeeding status, the proportion who reported ''don't know'' was equally distributed among cases and controls (19.5% vs. 19.5%). Although these women tended to be older and less educated than women who reported their breastfeeding status (age: 56.0 vs. 53.8 years; college-educated: 23.1% vs. 28.8%), they were similar with respect to other breast cancer risk factors including age at menarche (12.8 Among the 3,900 women who answered positively to ever having been breastfed, 1,899 (48.7%) were asked about breastfeeding duration. Only 737 (38.8%) of these women were able to provide data on breastfeeding duration, leaving complete data on breastfeeding duration for 19.0% of breastfed women. Those who were not able to report data on breastfeeding duration tended to be less educated (college-educated: 25.7% vs. 32.0%), but were similar to those with complete duration data with respect to study outcome (case: 51. 
Data analysis
We used multivariable logistic regression to estimate odds ratios (OR) and 95% confidence intervals (CI) for breast cancer in relation to ever having been breastfed and breastfeeding duration (available for only 19% of breastfed women). We controlled for known or suspected confounders, including reference age (years), state of residence (MA, WI, NH), education (\high school diploma, high school diploma, some college, Ccollege degree), Jewish ethnicity (yes, no), body mass index (\20, 20-24, 25-29, C30 kg/m 2 ), age at menarche (\12, 12, 13, 14, C15 years), parity (0, 1, 2, 3, C4), age at first birth (\20, 20-24, 25-29, C30 years), family history of breast cancer (no, yes, unknown), menopausal status (premenopausal, postmenopausal, unknown), age at menopause (\45, 45-49, 50-54, C55 years), and use of postmenopausal hormones (current, past, never). Missing covariate data were modeled using indicator variables. Because similar associations were obtained in age-adjusted and multivariable models, we present results from multivariable models only.
We stratified our analyses by potential effect modifiers of interest such as parity, menopausal status, age at menopause, use of postmenopausal hormones, and mother's history of breast cancer. Birth year (\1946 vs. C1946) was also a stratification variable of interest because the organochlorine DDT was introduced into the US food chain in 1946 [21] . We formally tested for interaction using the likelihood ratio test comparing models with and without cross-product terms between breastfeeding status and these selected factors. In comparison with the results based on the reported breastfeeding duration data (available for 19% of breastfed women), we used multiple imputation to impute missing breastfeeding duration values dependent on the participant's measured characteristics [22] . With this method, we assumed that the data were missing at random dependent on the participant's characteristics. All p-values were two-sided at the 0.05 level of significance. Analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC).
Results
Reproductive factors, such as age at menarche and parity, and family history of breast cancer, were associated with
breast cancer in the expected direction (Table 1) . Overall, 1,843 (40.7%) controls and 2,057 (41.9%) cases reported being breastfed in infancy ( Table 2 ). The median age of women interviewed about their breastfeeding status was 55 years (interquartile range: 48-62 years). In the combined case group, the multivariable OR for breast cancer associated with being breastfed was 0.98 (95% CI = 0.90-1.08). Findings for invasive breast cancer cases were similar to those for the combined case group. Multivariable ORs were uniform across categories of parity status, menopausal status, age at menopause, use of postmenopausal hormone, and mother's history of breast cancer. Multivariable ORs also did not vary according to the year of birth (before or after 1946). Among the 19% of breastfed women who reported data on breastfeeding duration, there was digit preference at 1 (28%), 2 (14%), 6 (19%), and 9 (11%) months (data not shown). While the duration category of 3-6 months was inversely related to the risk of breast cancer among all cases (OR = 0.72, 95% CI = 0.55-0.93), the OR was attenuated when we confined the case group to invasive breast cancers (OR = 0.77, 95% CI = 0.58-1.02) and there was no evidence of a dose-response relation (Table 3) . When we imputed the values for breastfeeding duration using multiple imputation (data not shown), the ORs among all cases were 0.97 (95% CI = 0.79-1.18), 0.98 (95% CI = 0.87-1.10), and 1.06 (95% CI = 0.85-1.32) for \3, 3-6, and [6 months, respectively, compared with non-breastfed women.
Discussion
In this large population-based case-control study, we found no evidence of an association between ever having been breastfed in infancy and breast cancer risk in adult women [23] . Findings were null regardless of menopausal status and other evaluated reproductive factors. Moreover, our findings did not lend support to the hypothesis that infant exposure to breast milk containing DDT, introduced to the food chain in the US in the mid-1940s, increases breast cancer risk in adult women. Only a small proportion of women in our study (27%) were breastfed after the mid1940s, but DDT exposure was virtually ubiquitous, so nearly all breastfed children of that era would have ingested DDT and its metabolites. Finally, there was limited evidence of an association between duration of breastfeeding and risk of breast cancer, although duration data were only available for 19% of breastfed women.
Our results for ever having been breastfed are consistent with many, though not all, published studies on this topic. Two case-control studies have shown a modest (26%) statistically significant reduced risk overall [12] or in young women (\45 years) [13] ; however, both studies had low participation rates. A third case-control study found a small (14%) statistically non-significant reduced risk [14] , and an early case-control study based on small numbers found no association [16] . A Swedish nested case-control study with record linkage also produced null findings, but there was limited variation in breastfeeding prevalence (98%) [17] . The prospective Nurses' Health Study found no association [19] , as did a smaller prospective study, the Boyd Orr cohort [20] .
Three studies evaluated the risk of ever having been breastfed separately in premenopausal and postmenopausal women [12, 15, 19] and another was limited to premenopausal women only [18] , but none found a statistically significant association among premenopausal women. One of the previous reports, based on an earlier phase of this study and an entirely different group of participants, suggested a 35% of reduced risk among premenopausal women [15] . However, the analysis relied on 205 premenopausal cases all of whom were of age 50 years or older; thus, statistical power was limited and the sample did not represent the age spectrum of most premenopausal cases. A recent meta-analysis [20] of studies published prior to 2006 [12] [13] [14] [15] [16] [17] [18] [19] [20] (including our earlier study [15] ) reported a possible inverse association limited to premenopausal women. Our study, which enrolled a broad age range of participants (20-74 years) and large numbers of premenopausal cases (n = 1,986), would have attenuated the summary estimate if included in the meta-analysis [20] . Study strengths include a large sample size and the use of structured telephone interviews to collect detailed information on a wide range of potential confounders. To our knowledge, this study included a far larger number of premenopausal cases than in any previous study on this topic. Statistical power was therefore sufficient to detect moderate associations among premenopausal and postmenopausal women. Moreover, the era of the study (birth years 1922-1976) witnessed great variation in the prevalence of breastfeeding as well as the introduction of organochlorines and related breast milk contaminants [23] . Our data are consistent with trends in the prevalence of breastfeeding in the United States, showing higher rates of breastfeeding before the 1950s and steady declines until the early 1980s [23, 24] .
Study limitations include the inability to validate breastfeeding reports and insufficient data on breastfeeding duration. Because we analyzed breastfeeding status as a dichotomous exposure variable, we cannot rule out the possibility that our null findings are explained by nondifferential (random) misclassification. While we did not validate women's recall of breastfeeding status with reports from her mother (as was done in a previous null study [19] ), we found high reliability in the report of breastfeeding status across two questionnaires completed by the same participant.
Due to the retrospective nature of data collection, recall bias may have influenced our findings; however, no differences were found in breast cancer risk factors comparing women who were and were not able to report their breastfeeding status. Moreover, it is unlikely that the exclusion of women with unknown breastfeeding status would have resulted in selection bias because these women were equally distributed among cases and controls. Likewise, the breastfed women who were unable to recall duration did not differ appreciably from the women who could recall with respect to breast cancer risk factors. We found null results for breastfeeding duration and risk of breast cancer using both complete data and multiple imputation techniques [22] . Nonetheless, caution should be used when interpreting our findings on breastfeeding duration due to the small proportion of breastfed women with complete data on duration (19%).
This study adds to the growing literature regarding exposure to breast milk in infancy and breast cancer risk in adulthood. Consistent with earlier studies on breast cancer, our findings do not support any protection or hazard associated with having been breastfed in infancy. Given that existing studies have had limited exposure data regarding duration and patterns of exposure to breast milk, future studies might explore for how long the breastfeeding extended and whether the participants were exclusively breastfed.
